The S=1/2 three-leg quantum spin tube is investigated using the numerical diagonalization. The study indicated a new quantum phase transition between the 1/3 magnetization plateau phase and the plateauless one, with respect to the spin anisotropy. The phase diagram is also presented.
Introduction
The spin systems of a tube-type structure have attracted a lot of interest in the field of the condensed matter physics [1] . Particularly, the S=1/2 three-leg spin tube is the most important because it has the largest frustration and quantum fluctuation. One of interesting features is that the system has a spin gap [2] , while the S=1/2 three-leg spin ladder is gapless. Although no clear evidence of the spin gap has been observed in any candidate materials of the three-leg spin tube so far [3, 4] , many theoretical works [5] [6] [7] [8] [9] [10] [11] [12] have supported the existence of the gap for the strong exchange interaction along the rung. The gap is found to disappear when the rung interaction is decreased. The phase transition between the gapped and gapless phases was clarified [13] ; the critical ratio of the rung and leg coupling constants was precisely estimated by level-spectroscopy method based on the numericaldiagonalization data obtained by the MPI-parallelized program [14] [15] [16] . Under external fields, on the other hand, a magnetic field induced spin gap was also predicted to appear at the 1/3 of the saturation magnetization of the system by the numerical-diagonalization analysis [12] and the density matrix renormalization group (DMRG) calculation [17] . It should appear as a plateau of the magnetization curve, namely a magnetization plateau.
In this paper, we theoretically investigate the stability of the 1/3 magnetization plateau in the S=1/2 three-leg spin tube against the XXZ anisotropy. The discovery of a quantum phase transition
